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EDAXAbstract Eco-friendly synthesized gold nanoparticles (Au NPs) were successfully prepared via
facile biosynthesis of Chenopodium murale (C. murale) leaf extract. Biosynthesized Au NPs were
characterized by Ultraviolet/Visible spectroscopy (UV/vis.), Fourier transform infra-red spec-
troscopy (FT-IR), X-ray diffraction and transmission electron microscopy (TEM) techniques.
The study was extended to retrace the effect of different gamma irradiation doses on the size of
prepared NPs. UV/vis. spectra showed a single peak at 531 nm attributed to the surface plasmon
resonance (SPR) peak of Au NPs. The blue shift of SPR peak after irradiation process indicated
that gamma irradiation could be utilized as size control partner. Transmission electron micrographs
(TEM) showed a decrease in the size of Au NPs and a narrow size distribution with an increase in
the gamma irradiation dose. Results of TEM were coinciding with those obtained from UV/vis.
spectra. Bragg reflections in X-ray diffraction analysis and diffraction pattern of TEM confirmed
the presence of face-centered cubic (FCC) Au NPs with (111), (200), (220), and (311) reflection
planes. Fourier transform infrared (FT-IR) analysis revealed the physical and chemical complexa-
tion of gold with extract. Energy dispersive X-ray spectroscopic analysis (EDAX) confirmed the
presence and biosynthesis of Au NPs.
 2015 King Saud University. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Because of their fascinating physical and chemical properties,
nanoparticles attract attention in different fields [1]. Natural
environment is a rich source of crude untreated extract from
tissues of diverse widespread flora and fauna like terrestrialextract,
Figure 1 Chenopodium murale plant.
2 A.M. Abdelghany et al.and aquatic plants, marine organism, microorganisms, etc.;
and it is now crucial to investigate their different properties.
A naturally motivated investigational practice for the
biosynthesis of NPs is now established as an emerging area
of nano-science development and research [2]. Nano-scale
inorganic particles have fascinating properties such as cat-
alytic, optical, electrical and magnetic [3]. Moreover, they have
applications in heat evaporation [4,5], chemical reduction [6,7],
electrochemical reduction [8,9], etc. Chemical and physical
methods, which are not environmentally friendly and are haz-
ardous, are utilized for NP synthesis.
One of the most important classes of metal NPs is that
made of noble metals such as platinum (Pt), gold (Au), and sil-
ver (Ag) [10]. Among the noble metal NPs are the Au NPs that
attract great and large attention due to their ability to interact
with light efficiently by SPR [11,12]. Gold NPs have the
potential and ability to be the building blocks of plasmonic
devices and future photonic as the field of nanotechnology
matures [13,14] and thus, received the most attention as
bio-molecular conjugates [11,15].
Nowadays, green-chemistry procedures using different bio-
logical systems such as fungi, bacteria, yeast and plant extracts
[10] for the synthesis of NPs are commonly used. However,
exploration of the plant extracts, as the potential nano-
factories for the green synthesis of NPs, has a growing interest
due to the major benefit of this synthesis technique in protect-
ing the environment [16].
Chenopodium murale (Nettle leaf goosefoot) is one of the
fast-growing annuals of the family Chenopodiaceae and is
widespread in Egypt throughout different locations [17]. The
extract of C. murale leaf has been used as a reducing and
capping agent for the synthesis of NPs which could be more
advantageous than microbial synthesis as the elaborated pro-
cess of culturing and maintaining the cells is not needed [18].
Ionizing radiation (c-Irradiation) is highly reactive with
high reduction potential for metal NP synthesis. Due to its
ability to fine-tune the radiation, it may offer better control
over the size of NPs and their distribution. Aqueous solution
irradiation by high energy radiation generates transient radi-
cals through water radiolysis. These transient radicals have
reducing and oxidizing species.
The aim of the present work is to present an eco-friendly
method for Au NP synthesis using natural non-toxic ingredi-
ents extracted from the leaf of C. murale, instead of commonPlease cite this article in press as: A.M. Abdelghany et al., Eﬀect of Gamma-irradiati
Journal of Saudi Chemical Society (2015), http://dx.doi.org/10.1016/j.jscs.2015.10.00hazardous chemicals, in addition successive gamma irradiation
doses are hired to control size, distribution and shape of
prepared Au NPs.
2. Experimental
2.1. Materials
The leaf of C. murale (Family: Chenopodiaceae) was collected
from Egypt at January 2014 (Fig. 1). Tetrachloroauric (III)
acid trihydrate (HAuCl43H2O, 99.5% GR for analysis) was
obtained from Merk, Germany. All the chemicals and solvent
used in this study were of analytical grade.
2.2. Preparation of C. murale extract and biosynthesis of Au
NPs
Fresh leaf extract, used for the biosynthesis of Au NPs, was
prepared from 20 g of thoroughly washed leaf in a 500 ml
Erlenmeyer flask, boiled in 50 ml distilled water for 1hr and
the produced extract was subjected to freeze drying. Suspen-
sions were filtered with Whatman No. 40 filter paper [17].
100 ml of 5 mM aqueous solution of gold chloride was pre-
pared in a Stoppered Erlenmeyer flask. 2 ml of leaf extract
(0.2 g/ml) was added at room temperature and the solution
pH value was adjusted to 10 with an aqueous solution of
0.1 M HCl and 0.1 NaOH. Pinkish-red color indicated that
the formation of Au NPs was observed after 24 h in the dark
(Fig. 2) [2]. In addition, Fig. 2 also shows the effect of c-
irradiation on the color of the solution. Resulting solution
was centrifuged at 13,000 rpm at 4 C by a refrigerated cen-
trifuge (B. Braun Sigma 2k15), for 5 min and stored at 4 C
for further use.
2.3. Irradiation process
A 60Co gamma cell (2000 Ci, manufactured by MDS Nordion,
Canada) was used as a c-ray source with a dose rate of 1.5 Gy/
s (150 rad/s) at a temperature of 30 C. The absorbed irradia-
tion dose rate of the c-cell was measured by using National
Physical Laboratory (NPL) alanine reference dosimeter. No
cavity theory correction was made. The samples had received
the following irradiation doses: 1 MR, 2 MR, 3 MR, 4 MR,
5 MR, 6 MR and 8 MR. The prepared samples were put in
the gamma cell in the manner that each sample was subjected
to the same gamma dose.
2.4. Measurements
Ultraviolet/visible (UV/vis.) absorption spectra were measured
for Au NPs before and after each successive gamma irradiation
using a recording double beam spectrophotometer covering the
wavelength region from 200 to 1000 nm using spectrophotome-
ter (V-570 UV/VIS/NIR, JASCO), Japan. Distilled water was
used as reference. The morphology of the developed extract-
Au NPs was investigated by TEM (JEOL JEM-2100, USA)
attached to a CCD camera at an accelerating voltage of
120 kV. The samples were prepared by placing few drops of
the extract-Au suspension on carbon coated copper grids
(40 lm  40 lm mesh size), followed by allowing the solventon on biosynthesized gold nanoparticles using Chenopodium murale leaf extract,
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Figure 2 Color change of gold chloride to gold nanoparticles (yellow, left) by the addition of C. murale leaf extract (pinkish-red, right)
and more reddish by c-irradiation.
Effect of Gamma-irradiation on biosynthesized gold nanoparticles 3to slowly evaporate overnight at room temperature and under
vacuum before recording the TEM images. X-ray diffraction
scans were obtained by PANalytical X‘Pert PRO XRD system
using Cu Ka radiation (k= 1.5418 A˚), the tube operated at
30 kV, the Bragg’s angle (2H) in the range of 5–80. FT-IR
transmittance spectra were carried out using the single beam
Fourier transform-infrared spectrometer (Nicolet iS10, USA).
FT-IR spectra of the samples were measured in the spectral
range of 4000–400 cm1 to study their structures. EDAX spec-
troscopy was measured on SEM instrument (JEOL JSM 6510
LV, USA) equipped with an Oxford EDAX system.3. Results and discussion
3.1. Formation of Au NPs
In the current study, aqueous gold ions were reduced to Au
NPs after mixing with the extract of C. murale leaf followed
by incubation for 24 h. Many authors [2,20] manifested that
the change of color to a reddish brown (Fig. 2) appeared due
to the SPR of Au NPs. The plant phenolics are strong antiox-
idants with high reducing capacity. Moreover, the quinoid
compound, produced from the oxidation of the phenol group
in phenolics, can be adsorbed on the surface of NPs, account-
ing for their suspension stabilization as reported by Laghari
et al. [19]. Irradiation processes were made in an aqueous
media because c- rays would interact with Au NPs to cause ion-
ization. This theoretically could produce a dose enhancement
in two ways: (1) through increased photoelectric absorptionPlease cite this article in press as: A.M. Abdelghany et al., Eﬀect of Gamma-irradiati
Journal of Saudi Chemical Society (2015), http://dx.doi.org/10.1016/j.jscs.2015.10.00and (2) through the emission of auger electrons. In case of
auger electrons, these electrons have very low energies, typi-
cally below 100 eV that have a linear range in water of only
2 micrometers. Therefore, a 10 keV photo-electron (much-less
an auger electron) would not have sufficient energy to pene-
trate to cause a strand break. Photoelectric effect is more effec-
tive and can cause a dose enhancement since the photo-
electrons are energetic and because the gold will have a higher
photoelectric cross section relative to water [20]. Also,
hydrated electron, resulted from the gamma radiolysis of the
aqueous solutions, can reduce metal ions to zero-valent metal
particles, avoiding the use of additional reducing agents and
the consequent side reactions. Furthermore, the amount of
zero-valent nuclei can be controlled by varying the dose of
the irradiation [21].
A complete reduction of Au+ ions into atomic Au and then
to Au NPs was achieved through c-irradiation reduction with
different irradiation doses. The radiation-induced synthesis is
one of the most promising strategies because there are some
important advantages to the use of the irradiation techniques
[22,23], as compared to conventional chemical and photo-
chemical methods: (1) the process is simple and clean, (2) con-
trolled reduction of metal ions can be carried out without
using excess reducing agent or producing undesired oxidation
products of the reductant, (3) no disturbing impurities like
metal oxide are introduced and (4) the method provides metal
NPs in fully reduced, highly pure and highly stable state. In the
radiolytic method, aqueous solutions are exposed to c-rays cre-
ating solvated electrons eaq These solvated electrons, in turn,
reduce the metal ions and the metal atoms eventually coalesceon on biosynthesized gold nanoparticles using Chenopodium murale leaf extract,
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Figure 4 UV/Vis. spectra of biosynthesized gold NPs and
irradiated with different irradiation doses of c-rays.
4 A.M. Abdelghany et al.to form aggregates as depicted by the following reactions
[22,24,25]:
H2O !cray eaq þH þ OH ð1Þ
AuIII þ eaq ! AuII ð2Þ
AuII þAuII ! ðAuIIÞ2 ð3Þ
ðAuIIÞ2 ! AuIII þAuI ð4Þ
AuI þ eaq ! Au0 ð5Þ
The first steps of reduction of AuCl4 ions are essentially
achieved by solvated electrons, while the positive gold ions in
AuCl3 solutions are reduced as in Eq. (2). The same symbol,
AuII, is used for all bivalent ions, more or less complexed by
Cl or not. From pulse radiolysis data in water [25], they were
supposed to disproportionate as in Eqs. (3) and (4). It is prob-
able that during its accumulation, AuI may progressively com-
pete with AuIII and react with the reducing radicals, after
complexation with the radical Eq. (5), as shown for Ag+ in
many studies [26,27]. After formation of Au0 coalescence step
leads to formation of Au NPs in the presence of C. murale leaf
extract as a capping agent which is confirmed by FT-IR
analysis.
3.2. Ultraviolet and visible analysis UV/vis
UV/vis. absorption spectra for bulk gold solution (1 mM) and
C. murale leaf extract measured in the wavelength range of
200–1000 nm before irradiation are shown in Fig. 3. The
UV/vis. spectrum of C. murale leaf extract shows three peaks
respectively at 225, 265, and 355 nm suggesting the presence
of flavonoids. The absorption band at about 225 nm attributed
to p–p* which comes from unsaturated bonds, mainly (C‚O).
This confirms the results of FT-IR analysis for C. murale leaf
extract. The peak at 264 nm is related to the presence of tocols
and other phenolic acids. The peak at 355 nm is thought to be
from residual flavonoids [28]. While the two bands at 245 and200 400 600 800 1000
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Figure 3 UV/Vis. spectra for bulk gold solution (1 mM) and C.
murale leaf extract.
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crystal field transitions of isolated Au ions.
Fig. 4 shows the UV/vis. absorption spectra of un-
irradiated and samples that irradiated with different doses of
gamma rays at room temperature. The formation of Au NPs
was observed upon the color change of the C. murale leaf
extract from transparent yellow into pinkish-red, as indicated
before, because of the coherent oscillation of electrons at the
surface of NPs, that indicate the appearance of SPR peak
[2,24,29,30]. The UV/vis. spectrophotometry was also used to
confirm the formation of the Au NPs.
The optical spectrum of un-irradiated biosynthesized gold
shows a broad absorption band in the visible region at
531 nm besides a change in the shape of absorbance peaks of
Au and the extract. This band is assigned as SPR of the small
quantity of gold NPs and is responsible for the striking colors
of the different samples [30]. The appearance of this weak band
may be related to the formation of small quantity of reduced
gold NPs. As the irradiation dose increased (from 1 to
8 MR), the SPR peak position is shifted from 531 to 519 nm
in case of high dose irradiated samples and the change in the
position of SPR peak in other samples, low-irradiated samples,
indicates inhomogeneous modification in the size distribution
of NPs together with an increase in NP density as shown in
Fig. 4 and listed in Table 1, indicating the formation of smaller
particles i.e. quantum size effect [31] and plotted of SPR posi-
tion as a function of irradiation dose as shown in Fig. 5.
The growth of Au NPs by the reduction of AuIII to Au0 is
highly dependent and progressive on the kinetic regime of irra-
diation [32]. In a continuous radiolysis regime as induced by c-
irradiation, the association of AuIII with Au0 clusters is faster
than the generation of reducing species so that the clusters can
grow by successive reduction of AuIII capped on the surface of
preformed clusters. At high dose rate of c-irradiation, the
nucleation rate which leads to the formation of smaller parti-
cles will increase and the reduction reaction will prevail, thus
there will be many new clusters allowing smaller Au NPs to
be formed. In contrast, the adsorption of AuIII onto clusters is
predominant for low dose rate; therefore, Au NPs will be lar-
ger. Consequently, the increase in the intensity of SPR peak, as
shown in Fig. 4, is related to the increase of the concentrationon on biosynthesized gold nanoparticles using Chenopodium murale leaf extract,
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Table 1 SPR position, absorbance at SPR position and area
under SPR peak for biosynthesized Au NPs before and after
irradiation by c-rays with different irradiation doses.
Irradiation
doses (MR)
SPR
position
(nm)
Absorbance at
SPR position
Area under SPR
peak (cm2)
Un-Irradiated
Gold NPs
531 1.15 1.16
1 527 1.41 2.10
2 525 1.47 2.40
3 528 1.85 3.90
4 528 2.00 4.26
5 528 2.22 6.29
6 518 2.85 6.85
8 518 2.86 7.06
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Figure 5 The dependence of the position of SPR peak and its
absorbance on the irradiation dose of c-rays for the studied
samples.
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Figure 6 Area under SPR peak position versus different
irradiation doses of c-rays on prepared samples.
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Figure 7 UV/Vis. spectra of biosynthesized Au NPs and after
8 months.
Effect of Gamma-irradiation on biosynthesized gold nanoparticles 5of Au NPs as the dose of irradiation increases. The researchers
of the current study have established a correlation between the
area under SPR peak as a measure of concentration of Au NPs
and irradiation doses. Therefore, the increase of SPR peak
absorbance and its area reveals the increase of Au NP concen-
tration and follows the Eqs. (6) and (7) as shown in both Figs. 5
and 6:
Absorbance at SPR peak position
¼ 0:2336 Irradiation doseðMRÞ þ 1:1306 ð6Þ
Area under SPR peakðcm2Þ ¼ 0:0829
 Irradiation doseðMRÞ
þ 1:2473 ð7Þ
In addition, the increased irradiation dose will affect the
chemical structure of the extract leading to an interaction
and complexation with the species generated by water radioly-
sis which may interfere with the AuIII reduction process. This
is confirmed by the spectra of UV/vis. analysis that shows an
increase for absorbance in the 300–400 nm region at high doses
of c-irradiation.Please cite this article in press as: A.M. Abdelghany et al., Eﬀect of Gamma-irradiati
Journal of Saudi Chemical Society (2015), http://dx.doi.org/10.1016/j.jscs.2015.10.00For obtaining non-agglomerated metal NPs with a narrow
size distribution, a controlled average size and well-defined
shape: nucleation and growth have to be two completely sepa-
rated steps. If the metal concentration created by the reduction
process reaches a critical super-saturation level, spontaneous
nucleation will occur. If the nucleation rate is high enough,
the sudden nucleation lowers, almost immediately, the concen-
tration under this critical super-saturation level. If the metal
formation rate is not too high, this nucleation step will be fol-
lowed by the particle growth from the original nuclei without
formation of new nuclei as long as the metal is slowly gener-
ated provided that coalescence is prevented. On the contrary,
if the particle growth occurs by coalescence of primary parti-
cles, secondary particles with large size distribution and irreg-
ular shape will be obtained [21].
To test the ability of C. murale leaf extract in capping Au
NPs, we make UV/vis. analysis for prepared Au colloids after
8 months (Fig. 7). The position of SPR peak is nearly the same
with a small partial decrease in its absorbance. Thus, C. murale
leaf extract is a good reducing and capping agent for Au NPs.
The SPR peak gets sharper, narrower and increases in the
absorbance intensity with increasing dose of irradiation from
1 MR to 8 MR. The symmetric and narrow SPR peak indi-
cates the narrow size distribution of the gold NPs at higheron on biosynthesized gold nanoparticles using Chenopodium murale leaf extract,
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Figure 8 TEM micrographs of the developed Au NPs before and after c-irradiation reduction (1 MR and 6 MR) and the corresponding
histograms of size distribution of the formed Au NPs.
6 A.M. Abdelghany et al.doses of irradiation occurred by this method [21] which is
further confirmed by the TEM analysis. This result implies
that nucleation is clearly separated from growth as multiple
nucleation events would lead to the appearance of smaller
and new NPs.Please cite this article in press as: A.M. Abdelghany et al., Eﬀect of Gamma-irradiati
Journal of Saudi Chemical Society (2015), http://dx.doi.org/10.1016/j.jscs.2015.10.003.3. Transmission electron microscopy TEM
Transmission electron microscopy (TEM) is one of the most
important conformational techniques in the current study.
Distribution of NPs, morphology and control on the size playon on biosynthesized gold nanoparticles using Chenopodium murale leaf extract,
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Figure 9 A selected area electron diffraction pattern of biosyn-
thesized Au NPs corresponding to the Au crystal planes.
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Figure 11 FT-IR spectrum of C. murale leaf extract and
synthesized Au NPs by reacting with aqueous HAuCl4.
Effect of Gamma-irradiation on biosynthesized gold nanoparticles 7an important role in determining the NP properties. Thus, to
obtain an excellent idea from what is happening inside the
matrix system, TEM micrographs are taken into considera-
tion. The typical TEM micrographs and the corresponding size
distribution histograms of biosynthesized Au NPs by
C. murale leaf extract before and after irradiation process by
c-rays (1 MR, 6 MR) are shown in Fig. 8. From the figure,
the obtained Au NPs by C. murale leaf extract are predomi-
nantly spherical, poly-dispersed and are surrounded by a thin
layer of C. murale which tends to be Au NPs characteristic
developed in plant extract. Most of the NPs are roughly circu-
lar in shape with smooth edges. From TEM image, it can be
seen that most of the Au NPs in the TEM image are in close
physical contact but separated by a fairly uniform interparticle
distance.
The TEM micrograph for prepared Au NPs shows average
particle diameters ranging from 2 to 22 nm which is confirmed
by the broadness of its SPR peak in UV/vis. spectrum. Thus,
we have a wide range in the particle size distribution for
biosynthesized Au NPs. This result indicates that the particles10 20 30 40 50 60 70 80
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Figure 10 X-ray diffraction pattern for Au NPs.
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ion reduction.
The range of particle size is decreased to 4–17 nm with aver-
age size of 9 nm for 1 MR of c-irradiation. This decrease is in
agreement with the blue shift of SPR peak position in the UV/
Vis analysis for 1 MR sample. As the dose rate of c-irradiation
is increased from 1 MR to 6 MR, the particle size range is
decreased to 2–14 nm with average size of 7 nm. It is observed
that the aggregation of the particles was limited and the
monodispersity was enhanced (Fig. 8). Monodispersity of
NPs comprises the particles uniform in shape and size. It can
be directly observed from TEM micrographs that the formed
Au NPs become more uniform nano-spheres in size with
increasing the irradiation dose. This reflects the effective role
of c-rays in monodispersity of the prepared Au NPs. More-
over, the irradiation dose of c-rays is the controlling factor
in determining the particle size. These results indicate that
the prepared particle size gets smaller and the distribution of
particle size is enhanced with irradiation dose increasing. The
average particle size of spherical crystallites for 6 MR sample
can be determined in terms of the position of SPR by using
the theoretical Eq. (19) in [33]. The obtained value is nearly
8 nm which coincidences with TEM micrograph for 6 MR
irradiation.
Although, the patterns of diffraction for biosynthesized Au
NPs, without irradiation, appear to be a little diffused because
of the small particle size, four maxima are clearly noted
(Fig. 9) and confirm the crystalline nature of Au NPs. These
diffraction patterns can be indexed to the face-centered cubic
structure of the Au lattice. The first and second diffraction
peaks represent the (111) and (2 00) reflections. The third
and fourth bands are likely representing the (220) and (311)
reflections [2,29].on on biosynthesized gold nanoparticles using Chenopodium murale leaf extract,
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Figure 12 EDAX spectrum of biosynthesized Au NPs.
8 A.M. Abdelghany et al.3.4. X-ray diffraction analysis XRD
X-ray diffraction analysis for the crystalline phases of pure
nano-gold is shown in Fig. 10. As apparent from the figure,
there is a broad peak that appeared at 2h= 25 which can
be attributed to the amorphous phase of C. murale leaf extract.
The Bragg reflection patterns appearing at appearing at
2h= 38 (111), 45 (200), 64 (220) and 78 (311) are
indexed for the face-centered cubic (FCC) structure of Au
NPs [2,29] with a lattice parameter of 0.4074 nm. The position
of these reflection patterns is consistent with the values in the
standard card (JCPDS file No. 04-0784). The Bragg reflection
patterns coincide with the diffraction pattern in Fig. 9.
According to Scherrer’s formula [21] D= Kk/bcosh where
k= 0.89, k= 1.54056 A˚(wavelength of X-ray for CuKa), b
is line broadening at half the maximum intensity (FWHM)
in radians and h is the angle obtained from 2h value corre-
sponding to (111) and (200) peak in XRD pattern. The aver-
age sizes of Au NPs at 2h values 38 and 45 were estimated as
14 and 11 nm, respectively. These values coincide with the
average size for gold NPs which were determined theoretically
from its UV/vis. spectrum.
3.5. Fourier transform infrared analysis FT-IR
FT-IR analysis was measured out in order to confirm the com-
plexation between the extract and Au ions and also to identify
the possible reducing and stabilizing biomolecules in the
C. murale leaf extract. The FT-IR spectra recorded at room
temperature in the region 4000–400 cm1 of C. murale leaf
extract before and after the development of Au NPs are shown
in Fig. 11. Infrared spectrum of C. murale leaf extract shows
bands at about 1050, 1390, 1625, 2922, 3440 cm1. These
bands are corresponding to aromatic in-plane C–H bending
modes, C–N stretching of the aromatic amine, carbonyl groups
(C‚O)NH2 group, asymmetric CH2 stretching and –COOH
group for –OH stretching and the hydroxyl group [2,33–35].
It is well known that phenolic acids and flavonoids function
as reducing agents, free radical scavengers and quenchers of
singlet oxygen formation [36].
Comparing the FT-IR spectra indicates that the spectrum
of the synthesized Au NPs obtained in the existence ofPlease cite this article in press as: A.M. Abdelghany et al., Eﬀect of Gamma-irradiati
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For example, the hydroxyl group of the extract was affected
after encapsulation of gold where its position shifted from
3440 to 3418 cm1 associated with a decrease in its transmit-
tance intensity and its shape became broader. Besides, there
is a new peak located at 3190 cm1. This means that the –
COOH groups of the compounds in C. murale were attached
to AuIII ions during the formation of Au NPs. Also, the posi-
tion of carbonyl group is shifted to lower frequencies from
1625 to 1610 cm1 and the peak becomes narrower. In addi-
tion, the amine group at 1390 cm1 has shown a relative
increase in transmittance. The band positions from 700 to
620 cm1 are due to C–C and C–H phenyl ring substitution
as expected for this plant while, the other peaks of C. murale
almost maintained their position in the Au NP spectrum, but
with a relative change in their peak intensity.
Chemical constituents found in C. murale leaf extract may
act as biological reductant. The plant leaf has high oxalic acid
level, (COOH)2 [2,28,35], its oxalate, the di-anion which can be
acted as a reducing agent as well as a ligand. Furthermore, it
has aldehydic groups. Oxidation-reduction abilities are pri-
marily owing to its phenolic antioxidant compounds, i.e. their
ability to behave as hydrogen donors, singlet oxygen quench-
ers and reducing agents, and to some extent, could also be
because of their metal chelation potential [2]. In the synthesis
of Au NPs, naturally occurring oxalic acids act as a reducing
agent for conversion auric acid solution into its corresponding
gold nano-colloids in a single step rapid process. After bio-
reduction, the decrease in transmittance of the –OH group
associates with a new band at 3190 cm1 evidences that this
functional group is mainly responsible for reducing gold ions
and the other groups are involved in the stabilization of
particles.
3.6. Energy dispersive X-ray spectroscopic analysis EDAX
The EDAX analysis is carried out to obtain an indication of
the amount of Au NPs present in the extract-Au. The EDAX
analysis result is shown in Fig. 12. From the figure, elemental
Au can be seen in support of XRD results, which confirmed
the existence of Au NPs and indicated the reduction of Au ions
to elemental gold. The EDAX analysis for Au NPs synthesizedon on biosynthesized gold nanoparticles using Chenopodium murale leaf extract,
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atom at around 2.30, 8.50, 9.60, 11.10 and 13.35 keV. These
strong signals at 2.30 and 9.60 keV for Au NPs were observed
by several studies [34,37–39]. EDAX for the Au NPs showed
weak signals for other elements such as iron (Fe) and copper
(Cu). The existence of these signals may have originated from
biomolecules of C. murale leaf extract that bound to the
surface of Au NPs.
4. Conclusion
The current study demonstrated that the C. murale leaf extract
can be used as a biosynthesize reducing for the eco-friendly
synthesis of Au NPs. c-Irradiation-induced strategy also
offered gold NPs with distribution of narrower sized. We
demonstrated that c-irradiation-based strategy has remarkable
advantages for preparing highly concentrated gold NPs with
small size distribution as confirmed by UV/Vis spectra and
TEM images. X-rays diffraction pattern strongly infers the
transformation of elemental Au NPs. Average size for Au
NPs calculated from Scherrer’s equation is 11 and 14 nm for
Au NPs. The –COOH groups of phenolics and flavonoids in
the leaf extract are the main reason for the reduction of gold
ions while, C‚O groups and C–N groups are contributed in
the stabilization of NPs. The existence and formation of the
Au NPs were confirmed by EDAX analysis. This study will
greatly help widen the application of c-irradiation-based strat-
egy for metal NP preparation with favorable properties and
features.
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